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Autoclave Processing for Composite Material Fabrication 
An Analysis of Resin Flows and Fiber Compactions for Thin Laminates 





High quality long fiber reinforced composites, such as those used in 
aerospace and industrial applications are commonly processed in autoclaves. 
An adequate resin flow model for the entire system (laminate/bleeder/ 
breather), which provides a description of the time-dependent laminate 
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This work, performed at NASA - Langley Research Center (LaRC), was 
supported by the LaRC Polymeric Materials Branch (PMB) under Contract 
NAS1-18000. This is a progress report on an ongoing research project toward 
monitoring and controls of composite laminate fabrication processing in 
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AUTOCLAVE PROCESSING FOR COMPOSITE MATERIAL FABRICATION 
AN ANALYSIS OF RESIN FLOWS AND FIBER COMPACTIONS FOR THIN LAMINATES 
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laminate is assumed to be generated from squeezing action between two adjacent 



approaching fiber layers, and (ii) the behavior of fiber bundles is simulated 
by a Finitely Extendable Nonlinear Elastic (FENE) spring. Comparisons between 
model predictions and experimental results will also be made. 
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A simplified idealized schematic diagram of multi-layer composite 
laminates is shown in Fig. 1. A stack of five layers of prepreg tapes is 
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The externally applied force F must be balanced by the pressures and the 
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where c 7 = dp/dz is a constant. Eq. (3) has also been adopted by Springer 



w here fi = dh/dt is a measure of the speed of approach of the two parallel 


For the velocity field assumed. Bird et al . [14] have shown that the 
-component equation of motion can be integrated to give 
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spring (fiber bundles) is compressed; furthermore, the spring (fiber bundles) 
cannot be compressed beyond (h 0 -mRf), because infinitely large compression 
force is then required according to Eq. (9). 
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Results and Discussion 



time t respectively. Similarly h 0 - h(0) and - V^(U) are tne initial 
laminate thickness and fiber volume fraction respectively. Substituting Eq. 


(V f (t)-V°)/V f (t) 




values for model parameters, it is noted that V° and V,. are obtained from 
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Table 1. Values of parameters for B-stage 1080 epoxy resin and glass fabric 
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which possesses high chemovi scosi ties for this particular case under 



The increases in fiber volume fractions Vf(t)/Vj during processing as 
shown in Figure 8- are calculated from Eq. (14) for three temperatures. By 
knowing the initial volume fraction of resin, V°, the residual resin volume 
fraction V r (t) can be calculated directly from h(t) by the following 
equation: 
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Figure 3. Comparisons between FENE model for the resistance forces 

of fiber bundles during prepreg lamination process and the 
experimental data 
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Figure 8. Changes of fiber volume fractions during isothermal processing 
of B-stage 1080 glass fabric 
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